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Previewsthe various forms of early onset demen-
tias. To underscore this point, it was sug-
gested almost a decade ago that drugs
that both inhibit the cell cycle and rescue
Wnt activity could provide novel Alz-
heimer’s disease therapeutics (Caricasole
et al., 2003). Thus, the accumulating
evidence suggests that the effect of
various FTD-causing mutations and other
dementias converge on a few, common
intracellular pathways including but not
limited toWnt signaling. Using converging
approaches across hNPC, transgenic
animal models and human postmortem
brains, we should attempt to decipher the
earliest commonalities between the tran-
scriptome/signaling disturbances across
various forms of early-onset dementias.
Consistent data mining with WGCNA
(Zhang and Horvath, 2005) could be
crucial for a success of such an effort,
as over the last several years WGCNA
has arisen as a very powerful, function-
based network analysis tool.
A great study always opens up new
research avenues and highlights themost important, missing knowledge. The
current study is no exception to this rule,
and the findings of Rosen et al. (2011)
indicate a clear path to the most intriguing
future experiments—and hopefully pro-
vide us with a good foundation for devel-
opment of long-awaited, efficacious ther-
apies for early-onset dementias.REFERENCES
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Alternate activation of antagonisticmuscles across a joint is essential formovement. A new study, by Talpalar
et al., in this issue of Neuron highlights the importance of spinal cord inhibitory interneurons in generating
motor activity by showing that they can generate alternating flexor-extensor motor neuron firing in the
absence of glutamatergic synaptic input.Watch any animal run and it is easy to
appreciate that animal movement is
rhythmic and exquisitely coordinated.
Spinal neural networks comprising excit-
atory and inhibitory interneurons are
thought to generate the locomotor rhythm
and control the pattern of movement.
These neural networks are able to orches-
trate the movement across multiple joints
in each leg as the animal moves. In termsof neural computations, this is not an
easy task. Movement at each joint is
made possible by two sets of muscles
that antagonize each other, and their
contraction moves the joint in opposite
directions. These muscles are activated
in a stereotypic, rhythmic fashion when
an animal is walking or running.
How do spinal networks generate
rhythmic motor output and coordinate theactivity of antagonistic muscles? Simple
models of neural networks are useful
tools to conceptualize the essential orga-
nizational principles of complex neural
networks. More than a quarter century
ago, Miller and Scott proposed such
a simple model that could initiate and
sustain coordinated flexor-extensor motor
output (Figure 1A) (Miller and Scott, 1977).
In this model, motor activity is initiated byptember 22, 2011 ª2011 Elsevier Inc. 957
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Figure 1. The Miller-Scott Model Circuit in Wild-Type and vGluT2 Knockout Mice
(A) The Miller-Scott model circuit (redrawn, based onMiller and Scott, 1977). Schematic of excitatory (gluta-
matergic, cholinergic) inputs and inhibitory (GABA or glycine) inputs between motor neurons (MN), Renshaw
cells (RC), and Ia inhibitory interneurons (Ia-IN) in spinal segments controlling flexion (F) and extension (E).
Motor activity can be initiated by glutamatergic input from reticulospinal (RS) pathways or by Ia sensory affer-
ents (Ia). Thiscircuit isdesigned toensure alternationofflexor andextensormotorneuronsduring locomotion.
(B) Elements of the Miller-Scott model circuit preserved in mice lacking vGluT2.
Neuron
Previewsexcitatory inputs from the brainstem or
sensory neurons to Ia inhibitory interneu-
rons (Ia-INs) and motor neurons (MNs). In
contrast, alternating flexor-extensor motor
neuron activity is generated by two inhibi-
tory interneurons, the Ia-INs and Renshaw
cells (RCs). Although this simplistic model
could not withstand experimental tests, it
succeeded in inspiring many investiga-
tions. For example, one study in the cat
found that Ia-INs produce interburst hyper-
polarization in antagonist motor neurons
rendering them less excitable and that
RCs limit the firing frequency of Ia-INs and
MNs (Pratt and Jordan, 1987). However,
this study did not find any evidence that
Ia-INs or RCs play a significant role in the
generation of rhythmic MN firing during
fictive locomotion (Pratt and Jordan,
1987). The primary function of Ia-INs and
RCs is thought to be modulation of the
MN excitability during locomotion (Jan-
kowska, 2001). With synaptic inhibition
playing the role of a modulator, synaptic
excitation would need to drive the loco-
motor activity. In an isolated spinal cord
preparation, blockade of kainate/AMPA
receptors abolishes the locomotor rhythm,
whereas blockade of the NMDA receptors958 Neuron 71, September 22, 2011 ª2011 Edoes not (Whelan et al., 2000). The study
by Kiehn and colleagues was inspired by
the amazing observation that deletion of
glutamate transporter vglut2, which pre-
sumably prevents synaptic glutamate
release, does not abolish the ability of
spinal cord networks to display a coordi-
nated, rhythmic motor output when stimu-
lated by bath application of NMDA, sero-
tonin, and dopamine (Walle´n-Mackenzie
et al., 2006). Perhaps spinal networks
havemultiplemechanisms at their disposal
togeneratecoordinated locomotoractivity.
After all, the earliest recorded patterned
activity of embryonic spinal MNs is driven
by cholinergic and GABAergic synaptic
inputs (Milner and Landmesser, 1999).
Experimental manipulations such as
pharmacological blockade of neurotrans-
mitters or genetic deletion of a neurotrans-
mitter transporter might appear drastic.
However, when carefully performed and
diligently evaluated for the resultingpheno-
type, these manipulations can yield signifi-
cant new information. In this issue, Talpalar
et al. (2011) extend the initial studies by
Kullander and colleagues and examine
locomotor-like activity in spinal cords iso-
lated from embryos lacking vGluT2 tolsevier Inc.assess which functions of the spinal loco-
motor networkarepossiblewhen theexcit-
atory transmission is impaired.
The authors convincingly demonstrate
that glutamatergic neurotransmission is
nearly absent in the spinal cords isolated
from vGluT2 null embryos and find no
evidence for the upregulation of alterna-
tive vesicular glutamate transporters. In
the absence of vGluT2-dependent gluta-
matergic transmission, synaptic activa-
tion of the locomotor rhythm by the stimu-
lation of descending brainstem inputs,
sensory inputs in the dorsal roots, and
cauda equina is completely abolished.
However, spinal cords isolated from
embryonic day 18.5 vGluT2 null mice are
found to generate a coordinated fictive
locomotor like rhythm in the presence of
NMDA, serotonin, and dopamine. It
should be noted that in the absence of
synaptic glutamate release, the concen-
trations of these bath-applied pharmaco-
logical agents has to be rather high to
initiate locomotor rhythm. The authors
take into account the potential confound
that chronic deletion of the vglut2 gene
might induce the spinal neural networks
to reorganize. To address this possibility,
they use an inducible Cre expression par-
adigm to produce acute deletion of the
vglut2 gene and show that spinal cords
isolated from these mice can also gen-
erate coordinated fictive locomotor-like
rhythm in the presence of NMDA, sero-
tonin, and dopamine. These findings
strongly suggest that inhibitory neurons
in the spinal cord of vGluT2 null mice can
initiate and coordinate locomotor rhythm
upon pharmacological activation. Is the
Miller-Scott model then correct in predict-
ing that inhibitory interneurons such as
Ia-INs and RCs could potentially coordi-
nate locomotor rhythm even though they
cannot initiate it themselves? Perhaps in
an isolated spinal cord devoid of synaptic
glutamatergic inputs this is true, even if not
in a live, healthy animal.
Using direct cellular recordings and
sophisticated electrophysiological para-
digms, Talpalar and colleagues convinc-
ingly demonstrate that in the absence of
vGluT2 and the resulting lack of excitatory
inputs, the two main inhibitory cell types,
namely RCs and Ia-INs appear normal
in vGluT2 null mouse spinal cord. The
authors are able to test the function of
these particular neuron classes bymaking
Neuron
Previewsclever use of their model system. Sensory
neurons express the glutamate trans-
porter vGluT1 and are therefore able to
excite their targets in the spinal cord,
which include Ia-INs and motor neurons.
RCs receive input from cholinergic motor
neuron collaterals. Thus, the authors are
able to activate Ia-INs and RCs by dorsal
or ventral root stimulation, respectively.
The authors confirm that the key connec-
tivity pathways from motor neurons to
RCs via recurrent collaterals and from
RCs to Ia-INs are also intact in the vGluT2
nullmouse spinal cord (Figure 1B). Preser-
vation of these inhibitory cell types and
their connectivity is accompanied by
nearly normal flexor-extensor alternation
in vGluT2 null mouse spinal cord when
the locomotor rhythm is initiated by the
application ofNMDA, 5HT, anddopamine.
Pharmacological blockade of inhibitory
neurotransmission results in synchronous
activity of flexor and extensor motor
neurons in wild-type mice and uncoordi-
nated bursting activity in flexor and
extensor ventral roots in mice lacking
synaptic glutamatergic neurotransmis-
sion. These results suggest that in the
wild-type mouse spinal cord, flexor-
extensor coordination may be achieved
as a balance between the excitatory
inputs that synchronize activity and inhib-
itory inputs that impose alternation.Further questions remain to be
answered. For example, it is not possible
to distinguish with the present preparation
and general pharmacological blockers the
different types of interneurons forming the
circuit, other than Ia-IN and RC, that may
be coordinating flexor-extensor alterna-
tion in vGluT2 null mice. There are multiple
inhibitory cell types in the spinal cord, of
which the Ia-INs and RCs are only a very
small subset. Indeed, within the V1 class,
RCs and Ia-INs make up less that 25% of
this population, with V1 interneurons being
only one of six inhibitory interneuron
classes in the spinal cord (Alvarez et al.,
2005).With the advent of transgenicmeth-
odologies, the mouse has emerged as
a model of choice for identifying various
components of the spinal locomotor
network. Many such studies have chosen
to target developmental markers of inter-
neuron subtype identity for genetic manip-
ulation (Goulding and Pfaff, 2005; Grillner
and Jessell, 2009; Stepien and Arber,
2008). This approach has yielded much
information about the properties of tar-
geted interneurons, their connections and
their role within the spinal networks. As
the search for unique molecular markers
for physiologically identified neurons
such as Ia-INs and RCs continues,
perhaps a lot can be learned from first tar-
geting broader populations in the mouseNeuron 71, Sespinal cord for which molecular markers
havebeen identifiedalready.Futureexper-
iments will probably exploit similar clever
schemes to test the role of specific inter-
neuron subtypes in motor behavior.REFERENCES
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Fundamental to behavior is the capacity to distinguish beneficial from detrimental environmental stimuli. In
this issue of Neuron, a new study by Morrison et al. shows that underlying these processes are qualitatively
different dynamical interactions between brain structures involved in processing the value of environmental
stimuli.In higher organisms, the systems respon-
sible for appetitive and aversive learning
appear to have a good deal of flexibility.Stimuli initially experienced as aversive
can become appetitive and vice versa.
For example, most people initially findcigarettes an aversive stimulus: they
smell unpleasant and inhaling the fumes
producesmild nausea. However, once theptember 22, 2011 ª2011 Elsevier Inc. 959
